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[57] ABSTRACT

A multiple optical core fiber and method for manufac-
turing it. Two or more chemical vapor deposition type
preforms are fused with a hydrogen-oxygen torch and
then etched in a solution of 50% hydrofluoric and 50%
nitric acid. A hollow quartz tube is subjected to internal
gas pressure while a hydrogen-oxygen torch is passed
along it. This expands and cleans the tube. The chemical
vapor deposition preforms are inserted within the ex-
panded tube which is again subjected to the torch to
collapse it about the preforms. A nearly solid glass rod
with two or more optical waveguide cores is thereby
formed. This multiple core preform may then be drawn
into a multiple core fiber which can be utilized for the
transmission of light pulses. |

7 Claims, 6 Drawing Figures
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METHOD FOR MAKING MULTIPLE OFPTICAL
CORE FIBER

BACKGROUND OF THE INVENTION

The field of the invention relates to optical fibers used
for the transmission of light pulses, and in particular to
preforms or fibers having multiple optical cores.

Glass fibers have conventionally been formed by
softening and then drawing high-silica-content glass
rods known as “preforms”. The center of the preform is
made of a glass composition desired for the core of the
fiber. It is usually nearly pure silica with a few percent
of a dopant. The outer portion of the preform 1s com-
posed of glass suitable for the fiber cladding. An appro-
priate dopant, such as boron, Trichloride is injected into
silica tetrachloride to yield the cladding material. The
modified chemical deposition process has been found to
be most advantageous in the fabrication of high-silica
preforms. It is comparatively simple and allows the
injection of relatively high percentages of dopants. The
resultant product is known as a CVD preform.

Use of two slightly different types of glass for the
core and cladding materials give the core a slightly
higher index of refraction than the cladding. The differ-
ent indices allow light to be reflected along the entire
length of an optical glass fiber. |

It is often desirable to be able to simultaneously send
signals in both directions through a cable. This has
traditionally required the use of bidirectional couplers
in conjunction with the optical cable. It is also neces-
sary in many circumstances to determine whether a
cable has been tampered with.

A tamper-proof cable has been proposed which com-
prises concentric layers of core and cladding material,
respectively. A signal is transmitted through the central
core which is encircled by a first layer of cladding mate-
rial. A monitoring signal is transmitted through a layer
of core material disposed exteriorly and concentric to
the first layer of cladding. This second core is also
sheathed by cladding material.

If an attempt is made to tamper with the cable, the
monitoring signal will be interrupted or attenuated.
This allows the detection of such tampering.

SUMMARY OF THE INVENTION

The invention concerns a multiple optical core pre-
form which can be drawn into a multiple core fiber for
the transmission of light pulses. In this manner, a cable
may be provided which is tamper-proof and allows
signal transmission in both directions without the need
for bi-directional couplers. A method for producing
such a preform is also disclosed.

The method according to the invention commences
with the fusion of a plurality of preforms. The preforms
may be fabricated by the chemical vapor deposition
process and are accordingly termed CVD preforms. A
hydrogen-oxygen torch may be employed to fuse the
preforms.

The preforms are then etched with an acidic solution
to clean their outside surface, rinsed with water and
methanol, respectively, and dried.

A hollow fused silica tube is internally etched and
then mounted on a modified glass lathe. Prior to mount-
ing, fused silica tubes having larger and smaller diame-
ters than the hollow tube are secured to either end of
this tube. The interiors of the three tubes are in fluid
communication with each other. The smaller tube is
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connected to the head-stock of the lathe, and the larger
to the tailstock.

Gas is then directed into the hollow structure from
the end having the small tube. The large end is con-
nected to a back pressure device having a slight leakage
which maintains the interior of the tube assembly under
pressure with a high purity oxygen gas. A hydrogen-
oxygen torch is passed along the middle tube so that the
gas pressure causes it to expand slightly. The back pres-
sure and torch may then be removed.

The CVD preforms are inserted into the middle tube
through the large tube. The torch is again applied to
collapse the middle tube around the preforms, thereby
forming a nearly solid glass rod with a plurality of opti-
cal waveguide cores passing therethrough.

The multiple core preform is cut at the joint between
the collapsed structure and the large tube, and a fused
silica rod is joined to the preform at this end. The small
tube is severed in the same manner.

The fused silica rod is chucked to the draw tower of
a fiberdrawing apparatus, and a multiple-core optical
fiber is thereby formed by a drawing step.

If at least three CVD preforms are incorporated
within the structure to produce a triple core preform, a
tamper-proof cable may be formed which is also capa-
ble of simultaneously transmitting signals in both direc-
tions without the need for bidirectional couplers. Sig-

nals may be transmitted in one direction through one
core, in the other direction through a second core, and

a monitoring signal may be sent through a third core.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of three preforms which
are fused together; | |

FIG. 2 is a sectional view of three fused silica tubes,
glass blown to each other, having the middle tube sub-
jected to heat treatment while internal pressure is ap-
plied;

FIG. 3 is a sectional view of the operation whereby a
fused silica tube is collapsed about three fused preforms;

FIG. 4 is side view of a preform with a rod attached
thereto;

FIG. 5 is a cross sectional view of the multiple core
preform shown in FIG. 4;

FIG. 6 is a cross sectional view of a multiple optical
core fiber.

DESCRIPTION OF THE INVENTION

The multiple core preform may comprise two or
more optical cores for the transmission of light energy.
Since there are 2 number of advantages to fibers having
three optical cores, the invention shall be described in
terms of such a construction. It should be recognized,
however, that it may be desirable to utilize a different
number of optical cores depending upon the intended
use of the fiber. Other parameters may also be varied in
the method according to the invention by utilizing
equivalent steps or materials.

According to a successful application of the inven-
tion, three step index (chemical vapor deposition) type
preforms 10 are employed. The preforms comprise
inner core 12 and outer cladding 14 portions as are

‘known to the art. They are arranged in a bundle and

held together by tape. A hydrogen-oxygen hand torch
36 may then be applied for fusing them together at their
ends (See FIG. 1).
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The fused bundle 16 is etched in a solution of 50%
hydrofluoric acid and 50% nitric acid for thirty minutes
in order to clean the outside surface. The preforms are
then rinsed with water, then methanol, and subse-
quently dried. --

A fused silica tube 18 (approximately twenty inches
long and having a twenty millimeter outside diameter
and an eighteen millimeter inside diameter) 1s mounted
on a modified glass Iathe (not shown) after being inter-
nally etched using the same solution and procedures
applied to the preforms. The tube is mounted by first
attaching a length of eight millimeter (outside diameter)
fused silica tube 20 to one end of the twenty millimeter
tube while gas is blown through the tubes. In this man-
ner, the tubes merge together having a hollow interior
in fluid communication with each other. A similar pro-
cedure is employed for connecting a thirty-eight milli-
meter fused silica tube 22 to the opposite end. The re-
sulting structure is shown in FIG. 2. The eight and
thirty-eight millimeter tubes are connected to the head-
stock and tail-stock of the lathe, respectively.

High purity oxygen gas is directed into the hollow
structure from the eight millimeter end while the larger
end is connected to a back pressure device (not shown)
having a slight leakage to maintain the interior of the
tube assembly under pressure. A hydrogen-oxygen
torch is passed along the twenty millimeter tube so that
the gas pressure causes it to expand slightly. (The ex-
pansion of the tube in the drawing is exaggerated for
purposes of illustration). The torch and back pressure
may then be removed. In addition to expanding the
tube, this procedure also serves as a cleaning step with
the oxygen and heat causing any contaminants within
the tube to be consumed and removed. |

The CVD preforms are then inserted into the twenty
millimeter tube through the thirty-eight millimeter tube
as illustrated in FIG. 3. The traversing hydrogen-oxy-
gen torch is again applied to collapse the twenty milli-
meter tube arcund the preforms. The resulting structure
is a nearly solid glass rod or preform 24 with three
optical waveguide cores 12 passing therethrough. As
shown 1n FIG. 5, a slight uncollapsed area 28 may re-
main at the center of the preform

The triple core preform 24 is then cut with a hy-
drogenoxygen torch at the glass joint between the col-
lapsed structure and the thirty-eight millimeter tube.
This is designated by line B—B. A piece of eight milli-
meter fused silica rod 30 is joined to the preform 24 at
this end. The preform is then cut in the same manner at
‘the joint between itself and the eight millimeter tube,
shown along line A—A. It can then be removed from
the lathe for subsequent use in formmg a triple core
optical fiber.

FIGS. 4 and 5 illustrate the structure which 1s ob-
tained at this point. The preform 24 includes an outer
matrix 32 of fused silica glass from the CVD preforms
and the collapsed tube. The fused silica rod 30 is se-
cured to one end of the preform. Three optical wave-
guide cores 12 pass through the structure surrounded by
an appropriate cladding material 14. The slight uncol-
lapsed area 1s designated by numeral 28.

The rod 30 is chucked to the draw tower of a fiber-
- drawing apparatus, thereby allowing one to use the
entire length of the preform for forming optical fibers.
The preform may be generally viewed as a scaled-up
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model of the fiber desired, and the resulting fiber 34 1s

iflustrated in FIG. 3. It is apparent from this Figure that
the uncollapsed area 28 is eliminated during the draw-

4,229,197

4

ing step. The fiber 34 includes the optical waveguide
cores 26 sheathed by cladding material 14 and fused
silica 32 from the collapsed tube and CVD preforms. A
polymeric coating (not shown) may subsequently be
applied to the fiber.

The triple-core optical fiber may be employed for
duplex operations (i.e., transmitting telecommunica-
tions in both directions simultaneously). Bi-directional
couplers are unnecessary as two different cores are
employed to send the light waves in either direction.

The third core may be used for transmitting a

steadystate or monitoring signal. If this signal is inter-
rupted, one will know that the fiber “wire” has either
been damaged or tampered with.

Those skilled in the art will be likely to find other uses
for a multiple optical core fiber. Equivalent steps for

constructing such a fiber are also within contemplation.

Accordingly, the above description is intended to be
illustrative rather than limiting, and the scope of the
invention to be interpreted in light of the appended
claims.

What is claimed 1is: |

1. A method of producing a multiple optical core
preform which can be drawn into a light-conducting
fiber, comprising the steps of:

providing a plurality of preforms having central por-

tions of fiber core material and outer portions of
fiber cladding material;

assembling said preforms into a bundle;

fusing said bundle of preforms;

providing a fused silica tube having a first end and a

second end;

expanding said fused silica tube by means of internal

gas pressure and heat; ~

inserting said fused bundle into said expanded silica

tube; and |

collapsing said silica tube about said bundle to form a

substantially solid multiple optical core preform.

2. A method as described in claim 1 further including
the steps of attaching a second tube to said first end of
said fused silica tube; attaching a third tube to said sec-
ond end of said fused silica tube, said second and third
tubes having, respectively, larger and smaller diameters
than said fused silica tube, the second and third tubes
being attached such that the interiors of the tubes are in
fluid communication with each other; directing gas into
said third tube to maintain the interiors of the tubes
under pressure; and applying heat to said fused silica
tube to expand it.

3. A method for producing a multiple optical core
fiber, comprising the steps of:
providing a plurality of preforms having central por-

tions of fiber core material and outer portions of

fiber cladding material;

assembling said preforms into a bundle;

fusing said bundle of preforms;

providing a fused silica tube having a first end and a
second end; -

extending said fused silica tube by means of internal
gas pressure and heat;

inserting said fused bundle into said expanded silica
tube; -

collapsing said tube about said bundle to form a sub-
stantially solid multiple optical core preform; and

drawing said preform to form a muitiple optical core
fiber.

4. A method as described in claim 3 further including

the steps of attaching a second tube to said first end of
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said fused silica tube; attaching a third tube to said sec-
ond end of said fused silica tube, said second and third
tubes having, respectively, larger and smaller diameters
than said fused silica tube, the second and third tubes
being attached such that the interiors of the tubes are in
fluid communication with each other; directing gas into
said third tube to maintain the interiors of the tubes
under pressure; and applying heat to said fused silica
tube to expand it.
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5. A method as described in claim 1 further including
the step of attaching a rod to one end of the multiple
core preform which may be chucked to a draw tower.

6. A method as described in claim 3 further including
the step of etching said fused silica tube prior to expand-
ing if.

7. A method as described in claim 3 further including
the step of etching said preforms prior to 1ts insertion

within the fused silica tube.
% £ 0 b2 ]
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